We collect simple and pragmatic exact formulae for the convexity adjustment of irregular interest rate cash flows as Libor-in-arrears or payments of a swap rate (CMS rate) at an irregular date. The results are compared with the results of an approximative approach available in the popular literature.
Introduction
Increasing the return of a variable interest rate investment or cheapening the costs of borrowing can often be achieved by taking advantage of certain shapes of the forward yield curve. A well known and frequently used technique is a delayed setting of the variable index (Libor-in-arrears) or the use of long dates indices like swap rates in place of Libor (CMS rate products) or the use of foreign floating interest rate indices to be paid in domestic currency. It is well known that payments of variable interest rates like Libor or swap rates at dates different from their natural payment dates or in currencies different from their home currency imply certain convexity effects which result in adjusted forward rates.
Pricing those structures in the framework of a fully calibrated term structure model would take the convexity effects automatically into account. However, for many applications this seems to be a modelling overkill. Many convexity adjustment formulae are available in the literature ( [2] , [4] , [1] ), some of them based on more or less theoretically sound arguments. Here we collects simple and pragmatic exact formulae for the convexity adjustment for arbitrary irregular interest rate cash flows and compare the results with the outcomes of an approximative approach available in the popular literature.
Then we extend our analysis to options like caps, floors or binaries on irregular interest rates. Given the market model of log-normality for standard interest rate options the consistent model for options on irregular rates is certainly different from a log-normal one. We derive a new additional volatility adjustment that allows an approximation of the true distribution by a log-normal distribution with the same second moment. The results of the approximative pricing are then compared with the exact but more involved valuation. The advantage of the volatility adjustment is that standard pricing libraries can be applied with good accuracy in this context as well. It seems that this new volatility adjustment is so far ignored in practice.
Another application consists of options to exchange interest rates, e.g. Libor-in-arrears versus Libor. For example, those options are implicitly contained in structures involving the maximum or minimum of Libor-in-arrears and Libor.
The final section of this notes collects general formulae for quanto adjustments on floating interest rates paid in a different currency and related options.
Notation
Denote by B(t, T ) the price of a zero bond with maturity T at time t ≤ T . The zero bond pays one unit at time T , B(T, T ) = 1. At time t = 0 the zero bond price B(0, T ) is just the discount factor for time T .
The Libor L(S, T ) for the interval [S, T ] is the money market rate for this interval as fixed in the market at time S, this means 
The swap rate or CMS rate X for a swap with reference dates T 0 < T 1 < · · · < T n as fixed at time T 0 is defined as
with ∆ i as length of the period [T i−1 , T i ] in the corresponding day count convention. The tenor of X is the time T n − T 0 . The forward swap rate X 0 as seen from today is then
In the theory of derivative pricing the notion of a numeraire pair (N, Q N ) plays a central role. In the context of interest rate derivatives the basic securities are the zero bonds of all maturities. A numeraire pair (N, Q N ) then consists of a non-negative process N and an associated probability distribution Q N such that all basic securities are martingales under Q N if expressed in the numeraire N as base unit, i.e.,
B(t, T )
N t , t ≤ T, is a Q N martingale for all T > 0.
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The price V 0 (Y ) today for a contingent claim 1 Y to be paid at time p is then
For two numeraire pairs (N, Q N ) and (M, Q M ) the transformation (Radon-Nikodym density) between the distributions Q N and Q M on the information structure up to time p is
The time T forward measure is the distribution Q T referring to the numeraire being the zero bond with maturity T , N t = B(t, T ), and we write Q T = Q B(.,T ) .
An immediate consequence of (5) applied with B(., p) as numeraire is
i.e., the price of the claim Y today is its discounted expectation under the time p forward measure.
3 Convexity adjusted forward rates
Libor-in-arrears
In standard interest rate derivatives on Libor the claim on the Libor L(S, T ) for period [S, T ] is paid at the end of the interval, i.e., at time T . Since the Libor is set at time S this is named "set in advance, pay in arrears". Under Q T the process
is a martingale and we get
This implies from (8) the well-known expression for the price of a Libor,
as discounted forward Libor. 1 We assume that Y can be hedged with the basic securities.
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In a Libor-in-arrears payment the Libor L(S, T ) for period [S, T ] is now paid at the time S of its fixing. According to (8) its price today is
Our goal is to express E Qs (L(S, T )) in terms of the forward rate L 0 (S, T ) plus some "convexity" adjustment, the convexity charge.
Proposition 1 The following general valuation formula holds
with Var Q T L(S, T ) as the variance of L(S, T ) under the distribution Q T .
Proof: Using (6) we obtain
. ♦ Under the so-called market model which is the model underlying the market valuation for caps, the Libor L(S, T ) is lognormal under Q T with volatility σ,
with some Wiener process (W t ). In this case the convexity adjustment can be expressed in terms of the volatility and (12) reduces to
Example. To illustrate the magnitude of the convexity charge we show below as an example the convexity adjusted forward rates E Qs (L(S, T )) for various maturities S and volatilities σ. We assume L 0 (S, T ) = 5% and ∆ = 0.5. 10%  15%  20%  1  5,001% 5,003% 5,005%  2  5,002% 5,006% 5,010%  3  5,004% 5,009% 5,016%  4 5,005% 5,011% 5,021% 5 5,006% 5,015% 5,027% 6 5,008% 5,018% 5,033% 7 5,009% 5,021% 5,039% 8 5,010% 5,024% 5,046% 9 5,011% 5,027% 5,053% 10 5,013% 5,031% 5,060%
S|σ
In the general case, for arbitrary payment times p ≥ S a somewhat more involved formula can be derived, see [5] . However, using an idea similar to the assumption of a linear swap rate model (cf. [3] ), we can easily derive a formula even for p ≥ S following the same line of arguments as above.
Let us assume a linear model of the from
The constants α and β p are straightforward to determine in order to make the model consistent. Since
is a Q T martingale and using (9)
Now we can formulate the result for p ≥ S.
Proposition 2 Under the assumption of a linear Libor model (15) we have the following general formula for payments of the Libor L(S, T ) at arbitrary
8 with Var Q T L(S, T ) as the variance of L(S, T ) under the distribution Q T .
Remarks.
1. For p = S formula (17) obviously reduces to the general formula (12). 2. In case of the market model (13) for caps formula (17) gets more explicit:
CMS
The market standard valuation formula for swaptions is closely related to a particular numeraire pair called the swap numeraire or PV01 numeraire pair (PV01, Q Swap ) with numeraire
Under Q Swap the expectation of the swap rate X is just the forward swap rate X 0 which is again a consequence of the martingale property of B(., T 0 ), B(., T n ) if expressed in the numeraire PV01
In a CMS based security, e.g., a CMS swap or cap, the rate X is paid only once and at a time p ≥ T 0 . According to (8) we are interested in an explicit valuation of
in terms of the forward swap rate X 0 and some "convexity" adjustment. Applying (6) we get
(21) In order to calculate the right hand side explicitly one has to express or approximate
in terms of simpler objects like Libor or the swap rate X itself. Several approximations are studied in [5] . We rely here on a very elegant approximation based the assumption of a linear swap rate model, see [3] or [4] , B(T 0 , p)
The constant α and the factor β p have to be determined consistently. Since
is a Q Swap -martingale using (20) we obtain
and thus
To determine α observe that
Proposition 3 Under the assumption (22) of the linear swap rate model we have the following general valuation formula
with Var Q Swap (X) as the variance of X under the swap measure Q Swap .
Proof: Using (21), (22) and (20) we obtain
and using (24) yields the assertion. ♦
Remark. In the special case of a one period swap the CMS adjustment formula (25) reduces to the respective formula (17) for Libor payments.
Under the market model for swaptions it is known that the swap rate X is lognormal under Q Swap ,
with some Wiener process (W t ). In this case the variance of X under Q Swap is just
and (25) reduces to
Example. Again we illustrate the size of the CMS adjustment by an example. We assume that the swap curve is flat at 5% for all maturities. Payment of the CMS rate is at p = T 0 + 1 as it happens in most cases in practice. Proposition 3 yields an interesting corollary.
Corollary 1 For payment times p ranging from T 0 to T n the convexity charge
is monotonously decreasing in p changing its sign from positive at p = T 0 to negative at p = T n . The charge changes sign and vanishes exactly at the point p ∈ (T 0 , T n ) where B(0, p)
Intuitively, this is not surprising, since applying the valuation formula (25) multiplied with B(0, p) for all p = T 1 , . . . , T n and summing up we end up with the valuation of a full interest rate swap and all convexity adjustments should cancel out.
Observe that the qualitative statement of the Corollary remains true also without the assumption of a linear swap rate model, see [5] .
Unified approach under the linear rate model
Assuming a linear rate model (15) or (22) we derived a closed valuation formula for a Libor or CMS rate paid at an arbitrary date. Both derivations can be unified under one umbrella.
Write Y S for a floating rate which is set at time S. Examples of particular interest are Y S = L(S, T ), the Libor for the interval [S, T ], or, Y S = X with S = T 0 and X the swap rate with reference dates T 0 < T 1 < · · · < T n . Let N, Q N denote the natural ("market") numeraire pair associated with Y S and all we need is that
where Y 0 is known and a function of the yield curve B(0, .) today. We are interested in todays price of the rate Y S to be paid at some time
Assume a linear rate model of the from
with some deterministic α, β p which have to be determined accordingly to make the model consistent, see (16) and (29) we get immediately
Proposition 4 Under the assumption of a linear model (30) we have the following general valuation formula
with
Proof: On the information up to time S the density of the time p forward measure Q p w.r.t. Q N is according to (6)
Therefore, 
Comparison study
In this section we compare the results of the above convexity adjustment formulae with the results of a popular formula which can be found, for example, in [2] , Section 16.11.
Suppose we are interested in a derivative involving a yield Y at time p of a bond with yield to price function P (Y ). To the forward price P 0 as of today for a forward contract maturing at time p there corresponds a forward yield Y 0 ,
Then [2] gives the following approximative formula
with σ as the volatility of the yield Y .
Applying this to a Libor
which is in line with the exact formula (14) as long as one approximates (exp(σ 2 S) − 1) to the first order
It is obvious that (35) underestimates the true convexity as quantified by (14) which becomes apparent in particular for long dated Libor-in-arrears structures and relatively high volatilities.
For an interest rate level of L 0 (S, T ) = 5% 2 the following table shows a comparison of the convexity charges as resulting from equation (14) or (35), respectively,
(35) 1 0,001% 0,001% 0,005% 0,005% 2 0,002% 0,002% 0,010% 0,010% 3 0,004% 0,004% 0,016% 0,015% 4 0,005% 0,005% 0,021% 0,020% 5 0,006% 0,006% 0,027% 0,025% 6 0,008% 0,007% 0,033% 0,030% 7 0,009% 0,009% 0,040% 0,035% 8 0,010% 0,010% 0,046% 0,039% 9 0,012% 0,011% 0,053% 0,044% 10 0,013% 0,012% 0,061% 0,049% 11 0,014% 0,014% 0,068% 0,054% 12 0,016% 0,015% 0,076% 0,059% 13 0,017% 0,016% 0,084% 0,064% 14 0,019% 0,017% 0,093% 0,069% 15 0,020% 0,018% 0,101% 0,074% 16 0,021% 0,020% 0,111% 0,079% 17 0,023% 0,021% 0,120% 0,084% 18 0,024% 0,022% 0,130% 0,089% 19 0,026% 0,023% 0,140% 0,094% 20 0,027% 0,025% 0,151% 0,099% Now we apply formula (34) to the situation of CMS rate. In this case Y = X and Y can be interpreted as the yield of a coupon bond with coupon dates T 1 , . . . , T n and coupon C = X 0 . At time p = T 0 the forward bond price P 0 is at par and the corresponding forward yield is Y 0 = X 0 . For a bond with annual coupons, T i = T 0 + i, and face value of 1 we have
Observe that the formula (34) can be applied correctly only in case of a payment of the CMS rate at fixing, i.e., p = T 0 . This is not what is of interest in most practical applications, where usually p = T 1 . However, ignoring this inconsistency, equation (34) is often applied for p = T 1 which yields a higher convexity charge contrary to what should be the case according to the result of Corollary 1. As we shall see below in the numerical examples, equation (34) underestimates the convexity, so overall, luckily the inconsistency corrects some other error.
Comparing the convexity charges of equation (34) applied to the case of a CMS rate on one hand and of equations (25) and (27) on the other hand we get the following results for a flat interest rate environment of X 0 = 5% and a tenor of 5 years for the underling CMS rate X: The same analysis repeated for a tenor of 10 years for the CMS rate yields Again, (34) consistently underestimates the convexity charge, which is particularly significant for very long dated payments and high volatilities.
Overall, for both, the convexity charge in the Libor-in-arrears case and in the CMS case, the size of the charge increases with the time to the payment and with the volatility of the underlying rate.
Options on Libor-in-arrears and CMS rates
In this section we investigate European options on interest rates like Libor L(S, T ) for period [S, T ] or CMS rates X with reference dates T 0 < T 1 < · · · < T n . The payment date of the option is an arbitrary time point p with p ≥ S or p ≥ T 0 , respectively. Of particular interest are caps and floors or binaries. For standard caps and floors on Libor we have p = T and the standard market model postulates a lognormal distribution of L(S, T ) under the forward measure Q T . For standard options on a swap rate X, i.e. swaptions, the market used a lognormal distribution for X under the swap measure Q Swap . However in the general case, i.e., for options on Libor or CMS with arbitrary payment date p a lognormal model would be inconsistent with the market model for standard options.
In Sections 4.1 and 4.2 we follow again the general setup of Section 3.3. Y S is a floating interest rate which is set at time S and (N, Q N ) denotes the "market" numeraire pair associated with Y S . We assume that the distribution of Y S under Q N is lognormal with volatility σ Y ,
For a payment date p ≥ S we further assume a linear rate model of the form
Recall that for the case of Y S = L(S, T ), N S = B(S, T ) and p = S, i.e., the case of Libor-in-arrears, the assumption of a linear model is trivially satisfied and no restriction.
Volatility adjustments
In this section we derive a simple lognormal approximation for the distribution of a rate to be paid at an arbitrary date p which is based on a suitably adjusted volatility. The main motivation for this approximation is the desire to be able to use standard valuation formulae also for options on interest rates which are irregularly paid. As we shall see below in Section 4.2 there exists also exact valuation formulae but these are somewhat more involved.
Proposition 5 Suppose (36) and (37). Then for arbitrary p ≥ S under Q p the rate Y S is approximately lognormal
with volatility
and E Qp (Y S ) given by (32).
Proof: We calculate the second moment of Y S under Q p . Using (33) and (36) we obtain
In view of (32) we get for the variance of
Assuming a hypothetical lognormal distribution for Y S under Q p with volatility σ * Y as on the right hand side of (38) we would have
Now matching moments yields the assertion. ♦
Exact valuation under the linear rate model
Assuming a linear rate model it is relatively straightforward to derive exact valuation formulae for standard European options like calls, puts or binaries on Libor or CMS rates to be paid at an arbitrary date. However, the resulting formulae are somewhat more involved. We use again the setup of a general linear model , i.e. (37). Also we assume a lognormal distribution (36) of Y S under Q N .
We are interested in the valuation of standard options on the rate Y S but the option payout is at some arbitrary time p ≥ S. The value of a call option with strike K is then
This expectation is straightforward to calculate explicitly.
Proposition 6 Under the assumptions (37) and (36) the value of a call option on the rate Y S with payment at time p ≥ S is given by
For the special case of an in-arrears option on a Libor Y S = L(S, T ), p = S, the assumption of a linear model is obviously satisfied and the corresponding valuation has been noted in [1] , Section 10.2.1
Accuracy study and examples
In this section we study the accuracy of the lognormal volatility approximations derived in Section 4.1 thereby also giving some numerical examples on the size of the volatility adjustment. We compare the prices of caps and binaries on Libor-in-arrears calculated from the approximating lognormal model with the results of the exact but more involved evaluation (40). It turns out that the approximation proposed delivers results of high accuracy.
The following table shows some numerical results for the price (in basis points) of a caplet
for a forward rate L 0 (S, T ) = 5% and various scenarios for the time S to maturity and the volatility σ. The approximate price is based on a lognormal distribution with adjusted volatility according to (39) and adjusted forward rates E Q S L(S, T ) from (14). Errors are shown here as percentage errors of time value. The differences between the true distribution and the approximating lognormal distribution become more transparent when comparing binary options, i.e. options with payout 1 {L(S,T )>K} at time S. Here are some numerical comparisons: 
Options to exchange interest rates
Consider two interest rates Y 1 and Y 2 which are set (fixed) at times S 1 and S 2 , respectively. For example, Y 1 and Y 2 could be Libor rates L(S 1 , T 1 ) and L(S 2 , T 2 ) referring to different fixing dates S 1 , S 2 , e.g. Libor and Libor-inarrears. One could also think of two CMS rates to be set at the same date but with different tenors. We are interested in an option to exchange both interest rates
with payout to be paid at time p ≥ max(S 1 , S 2 ). To keep the notation simple let us suppose that S 2 ≥ S 1 .
We assume that both interest rates are lognormal under Q p
with E Qp (Y i ) given by (17), (25) or (14), (28). According to our analysis in Section 4.1 the assumption of log-normality is at least approximately satisfied under the market model if the market volatility is adjusted according to (39).
Proposition 7 Let the driving Brownian motions W 1 and W 2 be correlated with dynamic correlation ρ, i.e.,
The fair price of the exchange option is then given by
Proof. The price of the exchange option is given by
The calculation of this expectation is rather standard. We represent
via independent standard Gaussian random variables ξ 1 , ξ 2
First taking the expectation w.r.t. ξ 2 leads us to a Black & Scholes type expression
The expectation on the right hand side of (45) is now further explored integrating w.r.t. ξ 1 and applying the following well-known formula for integrals w.r.t. the standard normal density ϕ = N
As expected the formula (44) is related to the well-known Margrabe formula (see e.g. [2] ) on the difference of two assets. Since in our case the two underlying quantities Y 2 and Y 1 are not necessarily set at the same point in time one has to adopt the inputs to Margrabes formula appropriately to take these effects into account and derive our formula (44) from Margrabes formula. 
Variable interest rates in foreign currency
We are interested in the price of the rate Y d S to be paid in foreign currency units at some time p ≥ S.
General relationships
Let N c denote a numeraire process with associated martingale measure Q c for the domestic (c = d) and foreign (c = f ) economy. The foreign exchange rate X t at time t is the value of one unit foreign in domestic currency at time t. Any foreign asset S f t is considered to be a traded asset in the domestic economy if multiplied with the exchange rate: S f t · X t . The value today of a domestic payoff Z d T to be paid in foreign units and at time T is by the general theory
On the other hand, the same payoff translated back into domestic currency with the exchange rate at time T should trade at the same price, therefore
Consequently, the density of the two martingale measures Q f and Q d on the information structure up to time T is given by
This implies the following
Corollary 2 The process (
Quanto adjustments
Now we come back to the valuation of a variable interest rate Y d S paid at time p in foreign units. Using the time p maturity foreign zero bond B f (., p) as numeraire together with the foreign time p forward measure and relation (46) for T = S as well as Corollary 2 the price is
By definition the ratio
The expression
is the time S forward foreign exchange rate for delivery at time p ≥ S.
Our goal is to make (47) more explicit in terms of market observable quantities like forward rates, volatilities etc. To this end we need to impose some modelling assumptions. From now on we assume that our domestic numeraire N d is the natural numeraire associated with the interest rate
Swap . Under the market model, which we assume from now on, the distribution of
with expectation (9)) or the forward swap rate X 0 (cf. (3)), respectively, as of today. For the last term on the right hand side of equation (47) we suppose (as we have already done in previous sections, equations (15), (22)) a linear model of the form
with α and β p given by (16) or (24) and (23), respectively.
The most critical assumption we are going to require is on the distribution of the forward foreign exchange rate. We suppose a lognormal distribution under
with expectation
to be calculated below. Observe that the assumption of log-normality of the forward foreign exchange rate is in general not compatible with the assumption of a lognomal rate Y d S . In practice, we will identify the volatility σ fx with the implied volatility of a foreign exchange rate option with maturity S. This would be a crucial simplification as long as the payment date p is not close to S, which is, however, the case in most applications.
To calculate the expectation X 0 we make use of the fact that according to Corollary 2 (
Together with (49) and (48) this yields
with ρ as correlation between the driving Brownian motions W fx and W . As a consequence the expectation of the forward foreign exchange rate under Q
Now we are ready to follow up with an explicit calculation of (47). Substi-tuting (48), (49) and (50) we obtain
Proposition 8 Under the conditions (48), (49) and (50) the quanto adjusted forward rate for a payment of the variable rate Y d S set at time S and paid at time p ≥ S in foreign currency units is given by
with α and β p as in (16) or (24) and (23), respectively, and ρ as correlation between the driving Brownian motions.
Remark. In the special case of the foreign unit being the domestic unit, i.e. σ fx = 0, formula (52) reduces to (18) or (28) as expected.
Example.
To illustrate the impact and size of the quanto adjustment consider as an example a diff swap, i.e. Y d S = L(S, T ) to be paid at time p = T in foreign currency units. In this particular case we have α = 1 and β p = β T = 0 and the adjustment reduces to
For S = 5, σ fx = 15%, σ Y = 18% and ρ = 50% this gives an adjustment factor on the forward rate of exp(ρσ fx σ Y S) = 1, 0698.
Quantoed options on interest rates
In this section we extend the analysis of the previous section to standard options on a domestic interest rate Y d S with payment at an arbitrary time p ≥ S but in foreign currency units. This can be seen also as an extension of the result in Section 4.2.
We use the same notation and assumptions (48), (49) and (50) as in the previous section.
Consider a call option on the domestic rate Y d S with strike K paid at p ≥ S in foreign currency. By the general theory the price of this option is (compare also (47))
The last expectation can be calculated again explicitly and we obtain the following result.
Proposition 9 Under the conditions (48), (49) and (50) the call option on the domestic variable rate Y d S set at time S and paid at time p ≥ S in foreign currency units is given by
and α and β p as in (16) or (24) and (23), respectively, and ρ as correlation between the driving Brownian motions. The corresponding put formula is
Finally, the formula for a digital is
Remarks 1. For the special case of Y S = L(S, T ), p = T , the assumption (49) of a linear model is trivially satisfied and the corresponding valuation reduces to formula (11.27) in [1] , Section 11.4.2.
2. In case that the option is not quantoed, i.e., we can assume σ fx = 0 formula (54) reduces to the general formula (40) for options on interest rates with arbitrary payment date.
Empirical correlation estimates
The convexity and quanto adjustment formulae in the previous sections involve several correlations between interest rates and interest rates and foreign exchange rates. In this section, as a first indication and for reference, we collect the results of some empirical correlation estimates for the most important interest rate tenors and currencies. The data underlying the analysis are daily data ranging from Aug 1, 2001 to Sep 1, 2003 . We estimate correlations of daily logarithmic changes between 1M, 3M, 6M, 12M cash and 2Y,. . . , 10Y swap rates in each currency. 4 Correlations between EUR interest rates. 
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The quanto adjustments for variable domestic interest rates paid in foreign currency require certain correlations between interest rates and foreign exchange rates. In estimating these quantities from data on has to be careful using the data in the right way. Remember that our foreign exchange rate X t is always understood as the price of one unit foreign expressed in domestic currency. Here are the empirical estimation results of correlations for the given data sets. EUR  GBP  JPY  CHF  NOK  1M -8,02% -11,60% -9,91% -11,07% -8,84% 3M -5,98% -12,21% -11,41% -8,47% -6,67% 6M -6,54% -12,37% -12,36% -9,40% -4,70% 1Y -6,89% -9,89% -13,64% -10,58% -4,52% USD  EUR  GBP  CHF  NOK  1M -0,21% -1,57% -1,80% -5,75% -3,10% 3M 12,93% 1,99% 6,94% -0,67% 0,14% 6M 0,89% 4,57% 1,13% 0,58% 0,65% 1Y 1,30% 4,11% 1,51% 2,38% 0,82% 2Y 4,06% -3,50% 1,03% -3,70% 1,90% 3Y -1,18% -9,14% -2,16% -10,72% -5,56% 4Y 2,01% -8,18% -0,12% -8,09% -4,82% 5Y 4,17% -8,82% -0,23% -9,05% -6,70% 6Y 3,66% -7,82% 0,24% -7,97% -4,57% 7Y 7,55% -7,09% 0,27% -5,31% -4,17% 8Y 8,75% -6,04% 1,01% -5,27% -2,12% 9Y 7,87% -4,32% 0,51% -3,66% -0,49% 10Y 6,43% -4,71% -0,19% -2,46% -0,96% -12,00% -7,78% -3,77% -12,92% -8,66% 3M -13,83% -11,09% -12,47% -12,33% -8,76% 6M -12,83% -13,46% -12,61% -12,16% -10,42% 1Y -11,33% -16,17% -12,51% -10,87% -14,09% 2Y -0,23% -23,27% -7,90% -10,86% -24,93% 3Y 2,28% -23,39% -6,93% -9,94% -24,76% 4Y 4,09% -22,09% -4,41% -7,81% -23,18% 5Y 3,40% -20,90% -3,71% -10,23% -23,62% 6Y 4,33% -21,15% -3,32% -8,26% -22,05% 7Y 6,77% -19,81% -2,15% -7,70% -21,35% 8Y 7,06% -18,87% -1,78% -7,22% -20,04% 9Y 7,49% -17,39% -0,81% -6,54% -19,21% 10Y 8,17% -17,29% -0,85% -5,79% -18,87%
